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(54) ZOOM LENS 
(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a lens having 
high variable power ratio and the wide angle of view and 
capable of obtaining high contrast and high optical 
performance over entire variable power range by 
specifying the moving conditions of respective lens 
groups accompanying variable power and the refractive 
power of the respective lens groups in a 5-group zoom 
lens. 

SOLUTION: This lens is provided with five lens groups 
being a 1st group L1 to a 5th group lens L5 in order 
from the object side. In the case of variable power from 
the wide angle end to the telephoto end, the 1st, the 
3rd and the 5th groups L1 , L3 and L5 are moved to the 
object side so that a distance between the 1st and the 
2nd groups L1 and L2 may be increased, a distance 
between the 2nd and the 3rd groups L2 and L3 may be 
decreased, a distance between the 3rd and the 4th lens 
groups L3 and L4 may be increased, and a distance 
between the 4th and the 5th groups L4 and L5 may be 
decreased. Furthermore, assuming that the focal distance 
of (i)th (i=1 to 5) group is (fi) and the focal distance 
at the wide angle end is (fw), the conditions of 



2.6<f1/fw<4.5, 0.55<|f2[/fw<0.81 , 0.78<f3/fw<1 .10, 
1 .15<|f4|/fw<1 .50 and 0.95<f5/fw<1 .75 are satisfied. 
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1 ] *t*ffJ J: *3 «KiE©®»ra©» 1 ». ft 
*LTIE©JI»*©3i5S©5o©u>X»;& 

wo, Efla^e>aa«^©a:iS«:BRLr. b»i, » 

3, SB5«*«ttM*< BE»l»i»28¥©lfflHi*JltJ!lD 
U B»2B4»3S©ia»3&s«^L/. g£!$3g¥<l:lfl4 

£5K^S&3tfT:fe9, i f i, E 

flao*ftjSHat* fwiu/ci^, io 

2. 6< f 1/f w<4. 5 
0. 5 5 < I f 2 I /fw<0. 8 1 

0. 78<f 3/fw< 1.10 

1. 1 5 < I f 4 I /fw<l. 50 
0. 95< f 5/f w< 1.75 

mm v$> z> c t i -r i©x-au>x 
[i9*S3 3 «rsB»28**«±»ttd-a-r^*-/7 

X^f^rO-SCi*1*a<!:"r*il*3BlXW2©X- 20 

[«*S5'] «#M<t<3WtciE©)a»r*©*l», fi 
*l,TiE©ES;»©*5R©50©U>XWJg: 

3, »5w*»*w^. mmimtmzmommvm 

U ttS2Hi*3WOiailB3& s ilS*L. R^f3»i*4 30 

©aa:ofc2^©u>xj:i5j06o"ct»sct*i#i»i-r 

[«*3B6 J BJI2»4»<OiEU>XB*H»JCcaffi* 
frtftfcO, OTB»41¥©fiU>X«PIU>Xffi^oaS 
J: 0 J£ o rt C i £ ftflfc i -T & 8S* 3S 5 © X - A u > 
X„ 
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[0 00 1 ] 40 

mw<Dm?zmiti&&] *«wwx-au>xccm 

3. 6-4. 6 UK, S?«It3. 3SK<0±*«BH«: 

iau&cdx- a u > xtcea-s* & 4> ©-c& £ „ 

[0002] 

2. 6< f l/fw<4. 



[0 00 3 ] > «rffll@5 7 -20 1 4-Sf£tfK>« 

PPS6 0 - 3 9 6 1 3^*R3JE-Ctt»*«JJ: 9J1KIE, 

IE. *oxjE<Dmmt)<Dsr)<Dis>xmzm 

CD/Ail^ r »@e<& Jt © x-Ai/> x#»3K £ *TT l > £ „ 
X^OT5 - 1 1 9 2 6 onQMv&wti&tffltitvmK 
#15fi©5-?©u>XS*:*ru JCftfflr<DtHl?iffiiftA« 

7 5 mm. am** 3 . 5-7 (&*ii£©raiift-cisa 

{8Jt©X-AU>X#^$ftTl>£. X, 4*H¥4- 

7 0 7 0 8-^fTCt*, D»tIE, j|, IE, 
IE, -eurfi©Jffl*r*©5-3©U>X»<fc«?J« , 3, 
«©J«?iiift#7 0ttlIiS. *M7iKoX-/,u> 
X**«* Stress. 

[0004] 

[^^^o^^i-r^^jn] &#©x-au>xcc 

[0 00 5] — jKCCftftMJcOflBKjE, IE, 
0riE<DJa»T*O5 o©U>XSJ: OSt* 5 RX-A u 
>X(cfc^r, Kftar©jaBiiift*58 2ttsS[©iAia 
ftffcRtfaflSJt 3 . 3 flKOWSflgfffc&H 0 oo^SC« 

-5 CC tt U > X^ «:»JS-r £ & U > XS©#3*tfjSffi£» £ . 

[0 00 6 ] Wjttf(!j&©5RX-A U>XK::tet,>T, 
S!iB CC(* 5 & U > X«©#tt*f|=*>* U > X^©I^ 

[0 00 7 ]*^tt. 5»X-AU>XCC*JC»r, £ 
«c£»te#5£u>XS©»»*fr^ &U>X8©S 

8 2ttHtt, *(&Jt3. 3gtt©^ffiFiaffl«Ct>/cD. 

03&» t ^®ffiec *>/c 0 »*5*tttB**rr s x- a u > 
x©$is^@^<t-r6o 

[0 00 8 3 

[Sliill^Wft-rSfcabo^a] ^TOi^iur 
©X-AU>Xti. ( 1 - 1 ) «*fflU<fc*)JlH«:jE©lS»f 

Or, K*K *3. *5»£»<WM'V «E»1»4* 

2»©raPB^«»iu, K»2Si»38©raBa^»d> 

L/, Bff3»i»4»©raW^»*b. tt»48i»5 
»©IHlH3&s»a>'rSJ:^K:»«i3-tfT*y»). ^mig¥© 
^l^fll^f i , Eft«©JSftjSK««r f wiUcit 
5 (1 ) 
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0. 5 5 < I f 2 I /f w< 

0. 78<f 3/fw<l. 

1. 1 5< I f 4 |/fw< 
0. 95<f5/fw<l. 

[0 00 9 ] $tofs»9i©»2^Wi:Or<OX-AU> 
Xtt. ( 1 - 2 ) ttttMJ: 0«CjE©J3*t#©» 1 S, 
H©J3*t*©#2B % jE©/S»f*©»3». H©/S#t* 
©#4B. *OTIE©iaS*©fll5B©5o©u>XB 

J33, SISBfcftttlM'x K»l»i»2»OHIBl^» 
ftlU »JB2S<t»3»<7>miB^a4>0. tt#3B<!:# 

*<*:5K:#ttS-erfctK K*4B«iEu>X£fiu> 
X©3WtUA:2-3©U>X<i:>Jja6ort^Ci«:«F«i 

[OOlOlfeHF, *^ittJBl«^i»2^t* 
*&ffr0ft:fc©-e£>& o 
[0 0 1 1 } 

mmommcoBm mi <a> . <b> 20 
2-^4 tt*^^o»fiii8ft« 2-4 ©j£ft asccfcw & 
KDEftM. to, saaaoiRMia-c&s. as-Hai 

0«**W<oafflH»«2©J2;fl», TO, Mii^<DiR 
M^T&£ 0 gf 1 1-01 3 W*»^<D»ffllQSW3<D 

to, m.mm<Di&mmv$>z> 0 m\ 4-01 6 
tt*^©affins6«4©c:fta. to, sga«©iRM 

[00 1210*, L lttjE©JS«r#©SI 1 S> L2*i 30 
©OJS»f*©»2W, L3«iE©Ja»T*©»3W. L4 
ttfi©jaHr*©*4B, L5ttiE©JS»f*©»5», S 

p««or*D, ^3 8¥©wttr«:iftwn^. mp^ 

[ 0 0 1 3 ] ® 1 -0 3<D»fflStttW 1.2.3 r«£ 
fta^6SJ»«^©a«KBRUr, »K SB 3, I&5B 
*«J»WJ^, *2B*«ffiW^#tt*t»\ £/c!H4B£ 

^S^©K««a&0T, »1, S3, *5#*«rtMH 40 
*X fl!2. *4«€r«ffi«^»»3'i±rt^. 

»ffisi»w«cfci»rtt, s&iBi»2B©rara#*JiD 
u »2Si*3»©raps* j *d>u< m3mtmAm<D 

«u>X8$»tt3#ri*s. «9SPtt#3B<!: 
[0014] #3Hfc»»Ctt, C©<fc 5 K^{£©I£K:J& 

k ^2, »3, mbm<D4^<Du>xm^Mtmim 
*»6»5»©±r©u>xs*»tt$-e-5ciec<fcDa 
»©u>xi¥eca«€r^7>xfi<»fi3-i*, j»*a< so 
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0. 8 1 (2) 

1 0 (3) 

1.50 (4) 

7 5 (5) 

aefctf^iftcc. ±x-A««r©iD«iJiiE*s#«: 

[0015]»1 »Wi»2«W««±©«SE«r«*» 
fiStori^. ^ur»i«^tt«±©«S6«cto^r* 
#5£ < 1 ) ^ (5) 

c<t, */c»2^tt«±©«SEK:tec»r»4»€:iEU 
>XifiU>X©S*fiU/c2o©u>XJ:*)»J5S0rCi 

[0016] ;*K:3r l m%t irtDijlo^M ( l ) 
- (5) ©!»BW^ttCCOii-c«?9-r-S. 
[0017] ( 1 ) um 1 Sf©iE©^Jr^K:^ 

*B*0&l><J:5Cc?-S;&©4>©r&S. #»JI!©X-A 
U>X«# 1 »3&siE©S»r*©0fgff!i«^f - ^ - FSS 

KI#tg*0T<6 o CftttfM 8©IE©lffl»;&#&< 

©JE©Jl«T**sS§<&oT<-Si. J^^-f^U-KSE 

[ooi8] ( i ) «cn6©jS*#jfibr»5£ 

0fcfc©T&9, ( 1 ) ©±R«I£i8*'tIE©Ja 

<-rs©^»o<ao, */c»KTBRffl*a^riE©ja 

[0019] gfeffeS ( 2 ) ttSI2 #©fi©JS»r#K:KI 
©SeJt«:Ja*W«:tt«-rsa©t>©r*-5. 

(2) ©iiEtt^e^ai^oiEehk^w*©* 5 *!^ 

©^ttjR^##*ur < a©rfi< at>. 
[0 02 0] (3) «I3 B©JE©/af«jK:|ig 
b t ^afi«c(*5«ffiiR«l©SC»«:fi»K:»SjE-rs^ 
©fc©r&£ 0 *fte£ (3) ©±Kffl*a^iE©®»r/; 

*»8fb*0S©0«U<&9. */cT 
Effl«r]68itriE©ia»f*3^*<tt , 3-rrs«t. ^fSCtf* 
^«SiR^©K«i3& 1 *#< ttor < s©rs<«:c>. 

[002 1 ] *#5£ ( 4 ) MSI4B©fi©®*r#K:KI 

^cc^©»ra©L'>xB©s(&«r«isLrKafi{fc 
£»sweciaa;&©t>©-ca*. ^fr*: (4) <o±mm 

^i^rtoi^«< &9TSf*<fciffie©S«J:b*: 
»*WKteR**©3W^<fcr>r< S. S/cTSBfil* 

m*.xn<Dmfit)& 1 &<& 9 )?*&±* to©x-au 

> X«««c 4al > X «$*#*© *> % 0±Xmtfi 7U7-i 
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[0 02 2 ] &ft5£ <5) &m$m<DiE<DmmtK l cm j^<ort?2y*~i3x&vt&irz®&no<rj:r> 

CC*jW&fi©^ftjR^«rfiWtclijETS^©«>©r* [0 02 3]^ mi ^CCtel^T|gCCJRatiiE±»S 

-5. ( 5 ) ©±fiaffi£«*TiE©JBR;&*«Si< & b < «. &fte£ (1)^(5) ©»ffllfiffl^;X©*n< ^ 

*A:TlfBffl*aitrjE©S»r^*<tt0'raf5 * [0 0 2 4] 

3< f l/fw<3. 9 (1 a) 

0. 58<| f2 l/fw<0. 69 (2a) 

0. 81<f3/fw<0. 99 (3a) 

1. 1 8< I f 4 |/f w<l. 44 (4a) 

1. 26<f 5/fw<l. 50 (5a) 

^6C»2«WiLr©»4«*«ffiMCceiffl^WfciE ^*>-£U>X, €-br**MK:flffiJ&|qIW/c^^^*^« 
U>XiiU> XM^DOT <DM U > X©&£ Uc2^© ©IE U > X£ W L , milB^ 2 SttttttflW^diffi £fa W fc 

[0 0 2 5 ] JS2^r«*4»*JEU>X£fiU>X X, Mu>XE^iyi®©mu>x. -eurftftWcciUffi 
©»:£Ufc2o©U>XJ:g»j0cU CJ-UCj^TJSfcT . £fr WcIEU>X3:W-f £ <fc^K L-CC^-S. cnK<£9 

^<Sec{*5»iR||©a«iffi3W/h$ < secure fcEft«-e©ffi®ftffc*E9oo. ^(SI5H«:t>fef3 

MiEbri>S. 2|c||ft^rtt^4»©2o©U> 20 [0 03 1 ] (a5) «riB*3»»»*ra«Cflffi€rrplW 

Xtt v - :M/ =2 > £ h <!: 0 T U > X« W^©a*ii icS-XtiT, iK<DM U > X <t M U > Xffi#Offi© iE U > 

#£«£K:i,ri>*. Xi^l/c^MU>X, *LTWfcWJ©u:/X 

[0 02 6] 1 ^i»2^0i2LfcWWO mifi€xm<OJE\*>X*ttZ£'>K.LX\ t >Z>. cnttj; 

«a«l^l»rttWrS. 0, M3E©a«J:b*W«L^. X(SCCf*^ggiRH©^ 

[0 02 7 ] (a 1 ) m2»©St>!»#flJ©U>Xffi€r £**J>fc < «K^««fflCCfofc»3#ffiJKSi 

u>xj^iaccii<ccS£oriE©®«f**«< &*««© £M»cc*iiEbTi*a. 

^IiT5©**fi<, C*l«:«fc*lft3:j£ftflPJK:*sW-5© [0 03 2 ] ( a 6 ) mifS!S5 RttPi U>XI*ifii© 

©atftJR^*Jg«:fi»«:t«jETSCi*«'C#4. 2^©iEU>X<b^lMiJCCIM3®^^/c^U>X^-r 

[0 02 8 ] (a2) »3»i*4W<t©lfflK:EftiBJC £ <fc LTC>£ 0 cnccJcD . *fi«cf*^»ffliRH« 
J:t^TM^r^4^6^MJ^n^J: j 5tC^(C 30 ©»iRH©a««r^<^>^a< «iEOrc»S. 

or*tt*^tc»«iTS»»«9MP%iS:WTt»5. [0 03 3] *«C*»W©»C8I*W«:^T. 8fl@g£& 

cncc<£^rX--Att»:<i;-?T]&9 SPOMPS^a Wtfc^TR i Wft(*»JJ:0JiHcc* i #@©u>X®© 
ffc$1*SC<b*<±^©F^>^-©Ktt«:/h$ < U Difi^i #l©U>XJ«fctt^|fflH, 

a»<ciR0«**^»iur^So Niiv i»»i#B©u>x©»s©Ji*f*tr^-< 

[0 02 9 ] ( a 3 ) /hSMiSt?* 9 , ^r^>^ 0 *fc#»ffiJB««U>Xa©H3^gp©ft*£|£ 

©/h3t»»2W*8»S-l*r7*-3(7^€:fft^ C*ifc MRiL. «*W|pJ (*©«!f*fil> £XW£U t£ 
J:0MRja»*^6Mi^*^©7*--*^©BR©»0 «ili*flI*Y«il/, B. C. D. E 

/j:7*-^xmii:^{CltC^ 0 [0 03 4] 

[0 03 0] ( a 4 ) mim 1 »tt»tt«jCCiMff%|fijW 40 
fc^-^*^tt©fiU>XiiEU>X£«:S^UfcWi^ 

x= (1/R) Y 2 + BY 4 +CY 6 +DY 8 +EY 10 

1 +v/l- (Y/R) 2 

-Cfl<?*l£ *>©<!: r e -xj ©«l2tt Txio ★»»ffl<fc©M»**- ltCTn-T. 

F= 24. 84-- 82. 06 FNQ=3 . 58"-4.68 2C0= 82.1* ^29.5° 
R 1= 120.44 D 1= 1.20 N 1=1.84666 U 1= 23.8 
R 2= 56.54 D 2= 6.46 N 2=1.69679 v 2= 55.5 
R 3= 374.26 D 3= 0.12 
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R 4= 


45.99 


D 4= 4.88 


N 3=1 


69679 


V 


3= 55.5 


R 5= 


110.94 


D 5=oM 










R 6= 


72.48 


D 6= 0.05 


N 4=1 


51640 


V 


4= 52.2 


R 7= 


72.35 


D 7= 1.15 


N 5=1 


80400 


v 


5= 46.6 


R 8= 


02.37 


D 8= 5.34 










R 9= 


-71.85 


D 9= 2.08 


N 6=1 


80517 


V 


6= 25.4 


R10= 


-25.42 


D10= 0.80 


N 7=1 


88299 


V 


7= 40.8 


Rll= 


35.59 


Dll= 0.11 










R12= 


24.07 


D12= 2.21 


N 8=1 


84665 


u 


8= 23.9 


R13= 


177.18 


D13=dJ^ 










R14= 




D14= 0.20 










R15= 


24.97 


D15= 0.80 


N 9=1 


84666 


V 


9= 23.8 


R16= 


15.39 


D16= 3.60 


N10=l 


48749 


vl0= 70.2 


R17= 


-50.73 


D17= 0.10 










Rl£= 


30.05 


D18= 2.23 


Nll=l 


71299 


vll= 53.8 


R19= 


-109.90 


D19=pT^ 












D20=*J^ 










R21= 


^17.40 


021= 2.41 


N12=l 


84666 


f 12= 23.8 


R22= 


-16.52 


022= 0.22 










R23= 


-15.38 


D23= 0.80 


N13=l. 80609 


V13= 41.0 


R24= 


62.32 


D24=pH£ 










R25= 


291.11 


D25= 5.36 


N14=l 


48749 


1/14= 70.2 


R26= 


-17.58 


D26= 0.12 










R27= 


61.13 


D27= 3.49 


N15=l 


75699 


V15= 47.8 


R28= 


-49.31 


D28= 2.07 










R29= 


-21.19 


D29= 1.10 


N16=l. 84665 


V16= 23.9 


R30= 


-142.46 
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24. 84 


50. 00 


82. 06 


D 6 




2. 16 


18. 90 


30. 86 


D 1 3 




13. 63 


6. 15 


2. 20 


D 1 9 




0. 39 


3. 57 


6. 52 


D20 




1. 66 


3. 86 


3. 94 


D 24 




9. 41 


4. 03 


1. 00 



30 



6® : A= 0 B= 6.122e-07 C= 2 . 798e-10 D= 5.866e-ll E=-6.974e-13 
<»«BSttW2) 40 

F= 24.80— 82.04 FNO=3.63— 4.68 20)=82.2* — 29.6* 

R 1= 94.46 D 1=2.00 N 1=1.84665 1^1=23.8 

R 2= 51.68 D 2= 6.46 N 2=1.65159 V 2= 58.5 
R 3= 212.06 D 3= 0.10 

R 4= 46.99 D 4= 4.96 N 3=1.71299 u 3= 53.8 
R 5= 118.00 D 5=pJ^ 

R 6= 54.29 0 6= 1.20 N 4=1.80400 V 4= 46.6 
R 7= 11.93 D 7= 5.88 

R 8= -43.19 D 8= 1.37 N 5=1.80517 v 5= 25.4 

R 9= -31.04 D 9= 1.00 N 6=1.80400 v 6= 46.6 



(6) ^¥9-3 0469 7 



9 

R10= 


33.15 


D10= 0.10 






Rll= 


23.60 


Dll= 2.42 


N 7=1.84665 


V 7= 23.9 


R12= 


243.25 


D12=pJ^ 






R13= 




D13= 0.20 






R14= 


22.44 


D14= 0.80 


N 8=1.92286 


V 8= 21.3 


R15= 


14.69 


D15= 3.82 


N 9=1.49699 


v 9= 81.6 


R16= 


-73.37 


D16= 0.10 






R17= 


33.91 


D17= 1.84 


N10=l. 83480 


V10= 42.7 


R18= 


-405.63 


D18=ajg£ 






Rl<M£lfc&9 








R20= 


-71.18 


D20= 2.04 


Nll=l. 84665 


Vll= 23.8 


R21= 


-17.62 


D21= 0.18 






R22= 


-16.54 


D22= 0.80 


N12=l. 88299 


l>12= 40.8 


R23= 


73.79 


D23=nJ^ 






R24= 


-316.94 


D24= 4.79 


N13=l. 60311 


Vl3= 60.7 


R25= 


-19.10 


D25= 0.10 






R26= 


55.16 


D26= 3.60 


N14=l. 65159 


l>14= 58.5 


R27= 


-51.70 


D27= 2.30 






R28= 


-21.38 


D28= 1.20 


N15=l. 84665 


i>15= 23.8 


R29= 


-112.49 









[0036] 
CKI2] 







24. 80 


50. 


01 


82. 04 


D 5 




1. 77 


17. 


46 


30. 69 


D 1 2 




12. 89 


5. 


53 


1. 92 


D 18 




0. 44 


6. 


17 


8. 59 


D 1 9 
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